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Straight Members 


The tensile stress in the bolt on tightening of the nut is 10,000 psi. Calculate the tensile 
force in the bolt when a load of 1000 lb is applied to the rigid blocks, tending to pull 
them apart. Take the moduli of elasticity of 30 X 10 6 psi and 10 X 10 6 psi for steel and 
aluminum, respectively. 

Solution 

The bolt and tube cross-sectional areas are 

7 r X 0.75 2 2 

A h = ---= 0.44 in. 

A t = 2tt x 1 x 0.25 = 1.57 in. 2 

The original bolt load is 

W = SA b = 10,000 x 0.44 = 4400 lb 

The tube decreases in length under this load according to Hooke’s law: 

WL 4400 X 16 


A L = 


A t E 1.57 x 10 x 10 6 


0.0045 in. 


After the force is applied to the end blocks, let F represent the tensile load on the bolt, 
so that the additional extension of the bolt becomes 

_ (F - 4400)20 
“ 0.44 x 30 x 10 6 

The compressive force on the tube must then be decreased by the amount 

g , _ (F- 1000)16 
~ 1.57 x 10 x 10 6 

Hence, the resultant compression of the tube is equal to the additional bolt extension 
(F - 1000)16 (F - 4400)20 


0.0045 - 


1.57 x 10 X 10 6 0.44 x 30 X 10 6 


from which 


F = 4800 lb (21,351.36 N) 

In summary, then, 

A L-6' = 6 

The sign ahead of 6' is minus since the amount of axial compression of the tube must be 
reduced. 

Another method of solving Design Problem 19.4 is used by most mechanical engineers 
concerned with fastener analysis. The method is recommended by the Industrial Fastener 
Institute, Cleveland, Ohio. The analytical approach [251, 252] is based on considering 
spring constants of the components bolted together as shown in Fig. 19.6. The derivation 
steps are as follows: 



